In this paper, the rigid structural thermosensitive polymer (made in lab) of NBS (N-butyl styrene), N, N-DEAM (diethyl acrylamide) and AM (acrylamide) was prepared. The influence of viscosity for copolymer solution under different reaction conditions such as temperatures and inorganic salt (monovalent salt and divalent salt) was analyzed. The experiment studies the combination of polymer situation and three different types of surfactants under certain conditions of the room temperature (25 °C) and the formation temperature (76 °C). At last, the influence of the surfactant kinds and concentration on the viscosity of the polymer solution are studied. The results show that: The copolymer solution, the apparent viscosity of which decreases with the increasement of temperature, but its viscosity has suddenly increased and thereafter dropped in the transition temperature. So the temperature sensitive effect of copolymer is very significantly. When the concentration of inorganic salt and surfactant can be controlled in certain extent, the copolymer solution, the effect increases with the increasement of the concentration, but the viscosity of which decreases with the increasement of shear rate. Shear rate can be controlled in certain extent, shearing stability properties of the copolymer solution are proved.
Introduction


Research development of polyacrylamide flooding agent with temperature resistance and salt tolerance is adapted to high temperature and salinity formation for this stringent requirement. In recent years, polyacrylamide has been used as its backbone by domestic and international researchers, with the introduction of hydrophobic monomer, the thermal resistant and salt-tolerant monomer into polymer side chain. The thermal resistant and salt-tolerant monomer is not directly grafted onto the main chain.
It is linked by ester linkage or an ester bond. Pyrohydrolysis of ester linkage or an ester bond is very easy [1] [2] [3] . Besides, the nature of the polymer situation has mainly the property of the conventional water soluble polymer by modification. The conventional water soluble polymer solution, the apparent viscosity of which decreases with the increasement of temperature, salt concentration and shear rate. But its viscosity is high enough, shortly afterwards, it is a sharp drop. The nature of copolymer is in a difficult position to satisfy request for adapting the high temperature and salinity formation.
The special phenomenon has shown that, the viscosity of the linear poly N-alkyl acrylamide-based polymer solution increases with the increasement of temperature, salt concentration above the phase low critical solution temperature [4] [5] [6] [7] [8] [9] . Its rheological properties were studied in this paper. The influence of viscosity for thermosensitive polymer solution under different reaction conditions such as temperatures and inorganic salt (a monovalent salt and divalent salt) was analyzed. The experiment studies the combination of polymer situation and three differential concentration of surfactants. The influence of the surfactant on the viscosity of the polymer solution was studied. It is used as polyacrylamide flooding agent with temperature resistance and salt tolerance. Thermosensitive polymer solution (WM-7) is made up into some of the same concentrations with distilled water, their concentrations are 2,000 mg/L. Then add monovalent salt (3,000-100,000 mg/L NaCl) and divalent salt (100-500 mg/L CaCl 2 ) of different concentrations. The viscosimeter uses a No. 0 rotor. At the temperature of 30 °C and different shear rate, the influence of salt concentration on the viscosity of the copolymer solution is studied, the paper analyzes the inorganic salt sensitivity of thermosensitive polymer.
Experiment
Equipment and Materials
The Effect of Surfactant Concentration on the Apparent Viscosity of the Copolymer Solution Has Been Studied
Under certain conditions of the room temperature (25 °C) and the formation temperature (80 °C), thermosensitive polymer solution (WM-7) is made up into some of the same concentrations with distilled water, their concentrations are 20,000 mg/L. The viscosimeter uses a No. 0 rotor. When the shear rate is 6 r/min (7.34 s -1 ), the influence of the surfactant kinds and concentration on the viscosity of the polymer solution are studied, including sodium dodecyl sulfate, sodium lauryl sulfonate and sodium dodecyl benzene sulfonate. We compound the surfactant with the copolymer solution, then the influence of which solution on the viscosity of the solution is studied.
Results and Discussions
Temperature Sensitivity of the Copolymer Solution
As you can see from Figs. 1 and 2: The apparent viscosity of thermosensitive polymer solution (2,000 mg/L) decreases with temperature increasing. In the range of temperature (76-80 °C), its viscosity has suddenly increased, the initial viscosity of the solution increases from 19 MPa·s to 39 MPa·s, its viscosity is 20 MPa·s, its phase transition temperature is between 76 °C and 80 °C. The apparent viscosity of thermosensitive polymer solution (20,000 mg/L) decreases as the temperature is increased. In the range of temperature (70-76 °C), its viscosity has increased, but the increase is not larger, its phase transition temperature is between 70 °C and 76 °C. Thus it can be seen. In the range of certain temperature, the increasement of the apparent viscosity of two solutions is a phenomenon. Thermal property of low concentration of thermosensitive polymer solution is more obvious, the viscosity increase of low concentration of thermosensitive polymer solution is larger. The viscosity increase of high concentration of thermosensitive polymer solution is slight. When viscosity increases, its phase transition temperature decreases. The reason of the increase of viscosity for this lies in hydrogen bond association. A dilute solution has not enough these hydrogen bonds. When the temperature increases in certain extent, the molecules collide even intense, hydrogen bond association is created by the collision of the molecules [10] . Concentrated solution has a great many molecular chains. Part of hydrogen bonds has been associated, when the temperature increases, the molecules move faster and hydrogen bonds associate easier [11] .
The Effect of Inorganic Salt on the Apparent Viscosity of the Copolymer Solution
As you can see from Fig. 3 , the concentration of monovalent salt increases from 1,000 mg/L to 100,000 mg/L. Under the low shear rate (50 rpm, 100 rpm), the viscosity increase of low concentration of thermosensitive polymer solution is slight. Under the high shear rate (150 rpm, 200 rpm, 250 rpm), the viscosity increase of high concentration of thermosensitive polymer solution is larger. As you can see from Fig. 4 , at a low or high shear rate, the viscosity of copolymer solution increases with the concentration increases of CaCl 2 concentration. The viscosity of the copolymer solution increases with the increasement of the experimental shear rate. On the whole, the viscosity of the thermosensitive polymer increases in high salt condition. Conventional polyacrylamide solution has not the particularities of the thermosensitive polymer. Thus, the viscosity of the thermosensitive polymer increases in high salt condition.
The Effect of Surfactant Concentration on the Apparent Viscosity of the Polymer Solution
As you can see from Fig. 5 , at the temperature of 25 °C, the copolymer solution, the apparent viscosity of which decreases with the increasement of surfactant concentration, but its viscosity has slowly increased. The apparent viscosity reaches a maximum and then drops down. Because of three kinds of the surfactants as anionic surfactants have been widely applied in the field of flooding agent. The hydrophobic group of anionic surfactant interact with the hydrophobic group of the copolymer solution to provide a linkage point of hydrophobic association [12] . Thus the viscosity of copolymer solution increases. The anionic surfactant is negatively charged, what increase the negatively charged group of molecular chains by hydrolysis. Electrostaic repulsion is formed by the interaction, which led to the viscosity increases.
T (°C)
T (°C) The solution begins to form a large number of micelles when the surfactant concentration continues to increase. Hydrophobic groups are wrapped in micelles. Because of associating partial hydrophobic groups decrease, the associating interaction of hydrophobic groups weaken, and the link between the molecules is destroyed [13] . The crosslinking network structure and the viscosity of the solution have suddenly increased. When the concentration of surfactants are the same, the influence sequence of surfactants on the apparent viscosity of the solution is sodium dodecyl sulfate > sodium lauryl sulfonate > sodium dodecyl benzene sulfonate, the viscosity of the copolymer solution is related with the structure of the surfactant. As you can see from Fig. 6 , the solution viscosity in the low temperature (25 °C) and the high temperature (76 °C) have similar rules. Apparent viscosity increases more evident with the increment of the low temperature. It is mainly because raising the temperature can enhance the association. 
Conclusions
At a low or high shear rate, the viscosity of copolymer solution increases. The viscosity of the copolymer solution increases with the increasement of the experimental shear rate. On the whole, the viscosity of the thermosensitive polymer increases in high salt condition.
The apparent viscosity of thermosensitive polymer solution decreases with shear rate increasing. In the range of the shear rate (10-30 s -1 ), its viscosity has a sharp drop. It has the character of shear thinning. When the shear rate is 40 s -1 , the viscosity of the copolymer decrease is not larger, which remains generally stable.
In the formation of a shear, rate is 100-170 s -1 .
Thermosensitive polymer has a good shearing resistant capability.
At the temperature of 30 °C, the copolymer solution, the apparent viscosity of which decreases with the increasement of surfactant concentration, but its viscosity has slowly increase. The apparent viscosity reaches a maximum and then drops down. When the concentration of surfactants are the same, the influence sequence of surfactants on the apparent viscosity of the solution is sodium dodecyl sulfate > sodium lauryl sulfonate > sodium dodecyl benzene sulfonate, the viscosity of the copolymer solution is related with the structure of the surfactant. The solution viscosity in the low temperature (25 °C) and the high temperature (76 °C) have similar rules. Apparent viscosity increases more evident with the increment of the low temperature.
